To investigate the effects of resveratrol on the drug resistance of 5-FU in the colon cancer chemotherapy, an MTT assay was used to detect the effects of 5-FU and resveratrol combined with 5-FU on the proliferation of 
Introduction
Over the past 30 years, the incidence of colon cancer has increased in most countries and regions, including China. [1] [2] [3] The main treatment for colon cancer is currently based on chemotherapeutic drugs; 4 however, the disease is prone to relapse. This may be related to the tumor stem cells, which are similar to the normal stem cells. Tumor stem cells possess a strong ability to regenerate, repair DNA, 5 and expel the chemotherapeutic drugs out of the cell. 6 Therefore, study of the resistance of stem cells to chemotherapeutic agents and how this resistance can be overcome is a topic of signicant interest in this eld. Yang Yu 7 reported that cancer stem cells play a role in maintaining the potential for tissue differentiation in recurring solid tumors. Youzhi Li 8 reported that pancreatic cancer recurrence and metastasis were inhibited by inhibiting the stem cells. Sheung Tat Fan 9 reported the recurrence of hepatocellular carcinoma by the circulating cancer stem cells released from primary tumors. Thomas Dittmar 10 reported that the cause of cancer recurrence was the integration of stem cells in tumors. In addition, cancer stem cells are resistant to drugs. Xiaoxiang Chen 11 reported that cancer stem cells control the epithelial-mesenchymal transition and thus control the resistance of high-grade ovarian serous tumors. Cristian Tomasetti 12 reported the positive role of stem cell symmetry and asymmetric divisions in the development of cancer resistance. Resveratrol (RES) is a natural active compound 13 mainly extracted from peanuts, grapes, Polygonum cuspidatum, and other plants. 14 It is a non-avonoid polyphenol, insoluble in water, but soluble in organic solvents such as ethanol and acetone. It exists in the free state and forms glycosides under natural conditions. 5-FU is a commonly used chemotherapy drug for colorectal cancer treatment. As its dose increases, the side effects of the drug also increase and resistance to the drug develops frequently. Therefore, its clinical application is limited.
15 Some studies have shown that a combination of chemotherapeutic drugs and traditional Chinese medicine not only can reduce adverse drug reactions but can also produce synergies between drugs and promote better efficacy. 16 Resveratrol has been reported to exhibit cellular anticancer activity in breast cancer, 17 skin cancer, 18 and liver cancer. 19 More importantly, it has been found that resveratrol can be combined with chemotherapeutics to reduce drug resistance during some cancer treatments. Laura H. Engelke 20 reported the effects of ellagic acid and resveratrol on the epithelial ovarian cancer cell line A2780. Sin Ho Kweon 21 reported that resveratrol-mediated downregulation of MRP1 was associated with the reversal of resistance to doxorubicin in acute leukemia cells. Xu 22 reported that resveratrol inhibited the epithelial-mesenchymal transitions by regulating the PTEN-Akt signaling pathway in gastric cancer. Jie Meng 23 reported the use of liposome-encapsulated resveratrol and paclitaxel in the treatment of breast cancer cell resistance reversal.
In summary, resveratrol demonstrates good resistance to drugs in the treatment of multiple cancers with chemotherapeutic agents. However, its effects have not been reported in colon cancer cells. In this study, the effect of resveratrol combined with 5-FU has been investigated on colon cancer cells and stem cells. We have conrmed the effect of resveratrol on drug resistance in colon cancer cells and determined its mechanism of action at the gene level.
Results and discussion
Cancer stem cell selection and separation CD133, CD44, Lgr5, and Sox-2 are tumor marker genes. 24 The results of the cancer stem cell sorting (Fig. 1) show that the expression levels of these four tumor markers are signicantly higher in cancer stem cells (P < 0.01) than those in the normal cells. The isolated stem cells were conrmed to be exact.
Flow cytometry verication
Flow cytometry results (Fig. 2) showed that the CD133 + cells reached 95.8% and 97.5% in colorectal cancer LoVo and SW480 cells aer tumor cell sorting, respectively. Experimental results also conrmed that the isolated stem cells were exact.
In vitro ball validation results
As shown in Fig. 3 and 4 , the LoVo and SW480 cells are more capable of reproduction aer sorting and have more ability to differentiate than the unsorted stem cells.
MTT assay validates the effect of resveratrol on the drug resistance of SW480 stem cells
The experimental results obtained via the MTT assays when 5-FU at different concentrations was reacted with resveratrol are shown in Table 1 . The experimental results obtained when the same concentration of 5-FU was combined with different concentrations of resveratrol according to the previous method are shown in Table 2 . Fig. 5 shows that the CD133 + SW480 cells were added to 5-FU aer being compared with the parental cells. The cell survival Preliminary results showed that with an increase in the resveratrol concentration, the survival rate of the SW480 cells decreased from 43.68% to 10.634% and the survival rate of the CD133 + SW480 cells decreased from 70.234% to 22.232%. The reason for the decrease in the survival rate is that resveratrol promotes apoptosis of tumor stem cells and tumor cells. 25 A decrease in the sensitivity of 5-FU to resveratrol indicates that resveratrol confers drug resistance, and it can be seen in Fig. 6 that the effect of drug resistance is positively correlated with the dose of resveratrol. The next step is to explore the mechanism of resveratrol in this process from the aspects of genetic pathway screening and in vivo research.
MTT assay validates the effect of resveratrol on the drug resistance of LoVo stem cells Table 3 shows the results of the reaction of different concentrations of 5-FU with the same concentration of resveratrol according to the MTT assays. Table 4 shows the results of the reaction of the same concentration of 5-FU with different concentrations of resveratrol according to the MTT assays.
As shown in Fig. 7 From the data presented in Fig. 9 , it can be concluded that 5-FU alone acts on CD133 + SW480 colon cancer stem cells, and the apoptosis rate is reduced from 15% to 10%. When 5-FU and resveratrol acted on SW480 CD133 + , the apoptosis rate decreased from 30% to 18%, which was signicantly different from that of 5-FU only (P < 0.05). The same results can be obtained when 5-FU alone and 5-FU combined with resveratrol act on the CD133 + LoVo cells. In addition, both the colon cancer stem cells (CD133 + ) and common colon cancer cells have a large difference in apoptosis rates when 5-FU combined with resveratrol is used and when 5-FU is used alone. Many studies have been reported on the inhibitory activity of resveratrol and the mechanism of its effect on tumor cells.
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We also studied the effect of resveratrol on the survival rate of LoVo cells and LoVo CD133 + cells in the early stage. The results
showed that resveratrol has a certain effect of inhibiting the survival on the above two kinds of cells, and this effect is doserelated; we believe that the effect of resveratrol combined with 5-FU is better than that of only the latter mainly due to the synergistic inhibition by the former.
Resveratrol inhibits the regulation of cancer stem cell resistance by gene selection
As shown in Fig. 10 , all blank and CD133 + cells were treated with 5-FU, and the expression of apoptosis-related genes differed (excluding CASP3) (P < 0.05); this indicated that the CD133 + group had lower resistance than the blank cells. Moreover, three selected genes were treated with 5-FU and resveratrol. Only the expression of the BAX gene was signicantly increased (P < 0.01); this indicated that the gene and resveratrol inhibited the resistance of colon cancer cells to 5-FU. As can be seen from Fig. 11 , the normal cells and cancer stem cells in the BAX gene were treated by resveratrol combined with 5-FU and 5-FU alone, and when 5-FU (conventional cell chemotherapy group), CD133 + + 5-FU (stem cell chemotherapy group), RES + 5-FU (conventional cell chemotherapy + resveratrol group), and CD133 + + RES + 5-FU (stem cell chemotherapy + resveratrol group) were compared, the results showed that resveratrol might regulate stem cell resistance to 5-FU by regulating apoptosis via the BAX gene.
Conclusion
The rate of apoptosis is an important indicator of the efficacy of chemotherapeutic drugs. The present study shows that regulation of resveratrol activity can affect the apoptosis induced by chemotherapeutic drugs in tumor cells. Resveratrol has been found to reduce the rate of apoptosis induced by chemotherapeutic agents in breast cancer 28 although the mechanism of its action is unknown. 5-FU is a basic chemotherapeutic drug used to treat colorectal cancer. Apoptosis is an important indicator of its efficacy. In the present study, resveratrol combined with 5-FU acts on the SW480 and LoVo colon cancer cells, signicantly inhibiting the apoptosis induced by 5-FU.
We found that aer sorting, the colon cancer stem cells were more resistant to chemotherapeutic drugs. A possible reason for this is that CD133 + cells can escape innate immunity and adaptive immune surveillance, participate in the formation of tumor blood vessels, and activate stem cell-related signaling pathways. The secretion of IL-4 mediates drug resistance and prevents tumor cell apoptosis; this indicates that IL-4 can be used as a marker to identify colorectal cancer stem cells and perform interventional therapy. 29, 30 However, the specic mechanism of its action needs further study.
Resisting or escaping chemotherapy-induced apoptosis is one of the most important mechanisms of chemotherapy resistance in tumors. The results of our experiment show that the inhibition of resveratrol activity reduces the induction of apoptosis in 5-FU cells, and the BAX gene participates in this process. Reports suggest that BAX regulation is involved in the mechanism. BAX is an important suppressor gene in the apoptosis signaling pathway and plays a crucial role in the regulation of apoptosis 31 via a combination of resveratrol and the p53 and CASP3 genes. 5-FU cell apoptosis experiments show signicant differences only regarding the BAX gene, which conrm this theory.
Our experimental results showed that the effects of resveratrol on apoptosis induced by 5-FU in SW480 and LoVo cells were approximately the same. The effect of resveratrol combined with 5-FU on apoptosis in SW480 and LoVo cells and expression of the BAX gene were analyzed. We found that apoptosis in SW480 cells and LoVo cells induced by resveratrol combined with 5-FU was still signicant. Resveratrol regulates apoptosis via a combination of 5-FU-regulated BAX genes and is important in the drug tolerance mechanism, but there may also be more complex mechanisms involved.
Based on the abovementioned analysis, we conclude that the apoptosis induced in colon cancer cells by resveratrol is caused by (1) decreased apoptosis resistance; (2) CD133 + cells escaping the innate immunity and adaptive immune surveillance and participating in tumor vasculature, and (3) resveratrol and 5-FU combining to regulate the BAX gene to regulate stem cell apoptosis.
Methods

Materials
Resveratrol (homemade, 99%); 5-FU (99%, HARVEY USA); colon cancer SW480 and LoVo cell line (provided by the Hunan Aijia Biotechnology Company). 
Instruments and reagents
Selection and isolation of cancer stem cells
CD133
+ is a surface-specic marker molecule for stem cells and cancer stem cells. 32 Therefore, the cancer stem cells used for the study were sorted from normal cells according to the presence of CD133 + . Magnetic CD133 + stem cells were selected by magnetic sorting.
Flow detection assays
Each group of cells was digested with an EDTA-free trypsin digestion solution, washed twice with PBS (2000 rpm, centrifuged for 5 min), and obtained. Then, 500 mL binding buffer suspension cells and 5 mL Annexin V-FITC were added, and the solution was mixed. Aer this, 5 mL of propidium iodide was added, and the solution was mixed. The reaction was carried out at room temperature in the dark for 5-15 min. Flow cytometry analysis and detection were performed within 1 h.
Cell balling assays
The CD133 + , LoVo, and SW480 cells were cultured in a cell incubator for 4 h at 37 C and 5% CO 2 , then replaced with a spheronization medium and incubated for further 48 h. Individual conglomerate cells were obtained separately and digested with a 0.05% trypsin digestion solution. A single cell suspension with a percentage of single cells above 95% was created with the culture medium. Cells were counted, and the cell concentration was diluted to 1 Â 10 3 with a spheronizing medium. Then, 1 mL of single cell suspension was kept as a spare. 1 mL single cell suspension was added to each well of a 96-well ultra-low adsorption plate (containing 200 mL stem cell medium per well), normal cells and 3 stem cells, each cell total 180 wells (200 mL PBS in 96-well plate edge wells). The cells were observed using a microscope, and any wells containing no or few cells were removed. The cells were observed daily using the microscope for approximately 6-10 days, and the number and size of the tumors formed was determined. (peripheral wells were lled with sterile PBS to eliminate edge effects), 5 replicate wells were set in each group. The SW480 parental cell group was rst plated and then dosed. The SW480 CD133 + cell group was plated the day before and was given the dose the next day. The 5-FU concentrations were 20, 40, 80, 160, and 320 mM, which were spread the day before and the medicine was added the next day. The concentration of 5-FU was 15 mM, the concentrations of febutriterol (5-FU) were 80, 160, and 320 mM; these were incubated overnight at 37 C in a 5% CO 2
Calculation of results
incubator. The 96-well plate was removed aer every 24 h. The medium was removed, 100 mL 10% MTT medium was added to each well, and incubated in the cell incubator for 4 h. The medium in the well was carefully aspirated, and 100 mL DMSO was added to each well to fully dissolve the crystals. Within 10 min of adding DMSO, the enzyme standard was used. The instrument was tested for absorbance at 570 nm in each well, and GraphPad data was used. The cell viability and the cell growth inhibition rate were calculated according to the following formulae:
Cell viabilityðSRÞ% ¼ absorbance of the administration group absorbance of the control group
Cell growth inhibition rateðIRÞ%
LoVo stem cell assays were lled with sterile PBS to eliminate the edge effects), and 5
replicates were set in each group. The SW480 parental cell group was rst plated and then dosed. The LoVo CD133 + cell group was plated the day before and was given the next day. 5-FU concentrations were: 0 mM, 10 mM, 20 mM, 40 mM, 80 mM, 160 mM; 5-FU concentrations were: 15 mM. These were incubated overnight at 37 C in a 5% CO 2 incubator. The 96-well plate was removed aer every 24 h. The medium was removed, 100 mL of 10% MTT medium was added to each well, and incubation was carried out in the cell incubator for 4 h. The medium in the well was carefully aspirated, and 100 mL DMSO was added to each well to fully dissolve the crystals. Within 10 min aer adding DMSO, the enzyme standard was used. The instrument was tested for absorbance at 570 nm in each well using GraphPad data. The cell viability and the cell growth inhibition rate were calculated according to the following formulae:
Cell viabilityðSRÞ% ¼ absorbance of the administration group absorbance of the control group Â 100%
Flow cytometry assays
Aer sorting with CD133 + magnetic beads, the cells were counted and inoculated into 6-well cell culture plates. The next day, ow cytometry was conducted for different concentrations of drugs (5-FU 15 mM, RES 80 mM). Each group of cells was digested with EDTA-free trypsin digestion solution and washed twice with PBS (2000 rpm, centrifuged for 5 min) to obtain the cells. Then, 500 mL binding buffer suspension cells and 5 mL Annexin V-FITC were added, and the solution was mixed well. Aer this, 5 mL of propidium iodide was added, and mixing was continued. The reaction continued for 5-15 min at room temperature in the dark. Flow cytometric observation and detection was performed within 1 h.
Real-time PCR analysis
Real-time PCR was used to detect the expression of p53, BAX, and CASP3 genes in the LoVo cell line samples. The selected genes are all reported to be closely related to colon cancer.
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Cell lines provided by the cell platform were selected for PCR verication. Herein, 2 mg of total RNA from each sample was reverse transcribed to cDNA. The 20 mL RT-PCR reaction mixture was as follows: 10 mL 2Â SYBR Green QPCR mix, 1 mL each of upstream and downstream primers, 1 mL cDNA, and 7 mL water; reaction conditions: pre-denaturation at 95 C for 3 min; subsequent denaturation at each step of 95 C, 10 s, p53, BAX, CASP3, primer annealing at 60 C extended for 30 s for a total of 40 cycles each time in the extension phase to read the uorescence value.
Statistical analysis
The experimental data were statistically analyzed using the SPSS V17.0 soware. The experimental results are expressed as the mean AE standard deviation. Statistical analysis was performed using the t-test to analyze the differences between the groups. The values of P < 0.05 were considered statistically signicant.
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